Aim: The present study was carried out to investigate the relationship between blood serum concentrations of macro and micro minerals and development of retention of placenta (ROP) in crossbred cattle.
Introduction
Retained fetal membrane is one of the most common disorders affecting reproduction of dairy cattle [1] . It has direct adverse effect on milk production and future fertility of animals. It may result from a number of factors, such as abortion, forced labor, delayed gestation, early parturition, uterine atony, infections, and seasonal and hormonal disorders. In addition, it is well-known that deficiencies of some vitamins and minerals induce or predispose animals to retention of placenta [2] .
The physiological delivery of the placenta after parturition requires adequate and regular uterine contractions. Inadequate secretions of prostaglandin F2α, oxytocin and serum Ca concentration, which maintain adequate contraction of the uterus, may cause retention of placenta (ROP), increase the risk of dystocia and delay the involution of the uterus [3] . Some researchers [4] reported that a low serum Ca concentration plays an important role in the development of ROP in cows, whereas others [5, 6] found that the Ca concentration was at the physiological level, indicating that Ca has virtually no role in the development of ROP. Ca and Zn levels in cows with retained placenta were significantly lower [7] , whereas other [8] documented that the copper deficiency increased the incidence of retained placenta in cows.
The objective of this study was to investigate the relationship between blood serum concentrations of Ca, P, Ca/P ratio, Zn, Cu and Fe and the development of ROP in crossbred cattle. Estimation of macro and micro-mineral profiles at parturition are also of great diagnostic importance. These parameters will be helpful for predicting its occurrence of ROP, moreover prophylactic measures could be instituted for its prevention.
Materials and Methods

Ethical approval
The present investigation was carried out after the approval of the Institutional Animal Ethics Committee.
Selection and maintenance of the animals
In the present study, crossbred cattle reared under uniform manage mental conditions were selected from Instructional Livestock Farm, Bihar Veterinary College and local Khatals in and around Patna. Altogether 20 crossbred cattle (n=10 with normal expulsion of the placenta as control and n=10 with ROP) were selected in the present study.
Collection of blood sample
Adequate care and necessary steps were taken up to prevent any untoward stress to the animals. Approximately, 15 ml blood samples were collected from ROP and control crossbred cattle 1 st at the time of parturition (0 h) and 2 nd at 12 h after parturition and serum was separated and kept in 10 ml vial. The serum was stored in a deep freezer at −20°C till further analysis. The estimation of serum calcium, serum inorganic phosphorus (macro-minerals) was done by using Span diagnostic Kits (Surat). Trace minerals or micro-minerals viz. Zinc, Copper and Iron were analyzed by atomic absorption spectrophotometer (Perkin Elmer AAS 220).
Statistical analysis
The mean and standard errors were calculated. The t-test was used to compare the differences in means between groups if any, using standard statistical procedure [9] .
Results and Discussion
The serum calcium (mg/dl) levels obtained at '0' h (at parturition) in ROP and control groups were 7.66±0.33 and 9.43±0.39, respectively. The corresponding values of serum calcium (mg/dl) at 12 h after parturition were 7.49±0.28 and 9.32±0.26, respectively (Table-1 ). The level of serum calcium was found significantly (p<0.01) lower in ROP cases when compared to control cases. During the transition period, approximately 3 weeks prior to calving until 3 weeks post-calving, immune function is weakened, and dairy cows have a decreased capacity to fight disease [10] . Factors suggested to be responsible for this immune-suppression include oxidative stress, non-esterified fatty acids, ketones, negative energy balance, and calcium status [10, 11] . There was lower calcium [12] and total estrogen [13] levels in cows with retained foetal membranes (RFM) compared with normal released placenta. The hormonal profile showed a significant (p<0.05) higher levels of progesterone (P4) and cortisol, and significantly (p<0.01) lower level of estradiol 17-β in cows with RFM [12] . Reduction in the level of progesterone at parturition might allow the activity of enzymes that are necessary for the separation of placental membranes [14] . The lower level of calcium in cows with RFM might be due to excessive mobilization of calcium to the fetus during the last stages of pregnancy resulting in less availability to uterine tissue [15] . This decreased level of serum calcium might have caused atony of uterus resulting in RFM [16] . However, prepartum calcium supplementation prevents RFM mainly improving health condition and enhancing myometrial sensitivity [17] .
The levels of serum inorganic phosphorus (mg/dl) obtained at '0' h after parturition in ROP and control groups were 4.44±0.24 and 4.58±0.22, respectively. The corresponding values of serum Inorganic phosphorus (mg/dl) at 12 th h after parturition was 4.32±0.28 and 4.46±0.26 respectively (Table-1 ). The level of serum Inorganic phosphorus was found non-significantly lower in ROP cases when compared to control cases. Ray et al. [18] reported low serum inorganic phosphorus levels in cows with RFM. Low phosphorus level during the pre-calving and post-calving periods predispose the dam to retain fetal membranes [19] . This may also be attributed to decreased contraction of uterine muscles due to low phosphorus levels.
The serum Ca and P ratio obtained at '0' h (at parturition) in ROP and control groups were 1.77±0.12 and 2.08±0.08, respectively. The corresponding values of serum Ca and P ratio at 12 h after parturition were 1.81±0.15 and 2.16±0.15, respectively ( Table 1) .
The mean values of serum Ca and P ratio obtained at '0' h were significantly (p<0.05) lower in ROP groups as compared to control groups and non-significantly lower at 12 h. Ray et al. [18] also reported lower Ca and P ratio in ROP cows as compared to non-ROP cases. Lower Ca and P ratio may also lead to lower/ poor uterine contractions, which might be the cause of ROP in crossbred cows.
The mean values of serum zinc (μg/ml) obtained at ‛0' h (at parturition) in ROP and control groups were 1.27±0.07 and 1.49±0.07 respectively. The corresponding values of serum zinc (μg/ml) at 12 h after parturition were 1.24±0.06 and 1.45±0.07 respectively ( Table-1) . A significantly (p<0.05) lower levels of serum zinc were found in ROP as compared to control crossbred cattle. Hashem and Amer [12] also reported that cows with retained placenta revealed a significant (p<0.01) decrease in serum zinc (0.34±0.20 mg/100 ml) level than non-RFM i.e. (0.71±0.15 mg/100 ml). Zinc is required to maintain epithelial tissue integrity and for keratin formation which provide a physiological barrier to infection [20, 21] and Zn can impact immune status via a role in cell proliferation. Cells deficient in Zn have decreased ability to proliferate, and immune cell response requires rapid cell proliferation [22, 23] . Zinc has a critical role in the repair and maintenance of the uterine lining following parturition and speeding return to normal reproductive function and estrus. Lower levels of zinc increase the chances of retention of fetal membranes in cows.
The mean values of serum Copper (μg/ml) obtained at ‛0' h (at parturition) in ROP and control groups were 1.32±0.10 and 1.40±0.11, respectively. The corresponding values of serum Copper (μg/ml) at 12 h after parturition were 1.30±0.08 and 1.37±0.09, respectively ( Table-1) . A non-significantly lower level of serum copper was found in ROP as compared to control crossbred cattle. Present findings corroborated with the reports of Samal and Mishra [8] in cows. Ahmed et al. [24] also reported lower level of serum copper in buffaloes with RFM. Lower level of serum copper increases the cases of retention of fetal membranes and necrosis of the placenta in cows. It was found that organic trace minerals supplementation pre-partum had a positive effect on parturition and reduction placental expulsion period in dairy cows [25] .
The mean values of serum iron (μg/ml) obtained at ‛0'h (at parturition) in ROP and control groups were 1.40±0.08 and 1.61±0.07 respectively. The corresponding values of serum Iron (μg/ml) at 12 h after parturition were 1.37±0.08 and 1.57±0.07, respectively (Table-1 ). The mean values of serum iron (μg/ml) obtained on two schedules were although statistically non-significant but lower in ROP groups as compared to control groups. The present findings are on the line with those reported by Sivaraman et al. in cows [26] and Ahmed et al. in buffaloes [24] . They reported decreased level of Iron in cows and buffaloes retaining their fetal membranes. Feedstuffs can contain a significant amount of Fe and therefore most diets would appear to meet Fe requirements without supplementation [27] . However, if soil contamination is a major source of Fe in the diet, the Fe is largely unavailable to the animal [28] . It is due to the presence of Fe chelating agent's ferric form, which is considered less bioavailable than ferrous Fe [27] . In addition, research suggests Fe status may decline in late gestation [27] . Minerals are important in the prevention of RFM [29] and other studies have found that additional supplementation of trace minerals can have positive [30] effect on reproductive performance.
Conclusion
The mean values of serum calcium and zinc were found significantly lower in ROP cases as compared to control cases at both 0 h (at parturition) and 12 h after parturition. The mean values of serum inorganic phosphorus, copper and iron was found non-significantly lower in ROP cases as compared to control. The data presented in this study can be used as a baseline to study the serum macro and micro-minerals profile due to ROP and Non-ROP in crossbred cattle and therefore have applications for diagnostic and/or preventive purpose. Therefore, the quantity of the mineral substances should be taken into consideration prior to parturition in the diets of cows.
